A new class of colloidal insulating transformer oil is formulated by dispersing CNT nanomaterials with mineral oil in purpose to enhance the breakdown strength performanc existing transformer oil. This paper represents the experimental studied dealing with the influence of CNT nanomaterials mix with transformer mineral oil in term of AC breakdown voltage at various gap distances. The concentrations of CNT nanomaterials were measured in range 0.01g/L to 0.2g/L. The impact of three gap distances (1.5mm, 2.5mm and 3.5mm) for mushroom-mushroom electrode configuration is studied in order to observe and trend between conventional mineral oil and CNT nanofluids. To employ CNTs as effective reinforcement in mineral oil, proper dispersion methods need to be applied.
that have been investigated such as TiO 2 , CeO, Al 2 O 3 and others [1] [2] [3] [4] 14] . However, there are very constrained data regarding CNT nanomaterials.
A carbon nanotube (CNT) is a mysteriously fascinating material for a component of nano-suspension because of their unique structure and remarkable mechanical, thermal and electrical [5] [6] [7] . CNT renowned for conducted heat and cold very well, which mean it has high thermal conductivity. This paper represents the studies on the breakdown voltage of transformer oil filled with the various concentrations of CNT nanomaterials at various gap distances considering the effect of dispersant and the potential mechanisms. This experimental setup was done according to IEC 60156 standards [8] .
EXPERIMENTAL

Preparation of CNT Nanofluids
The based mineral oil has been supplied by Hyrax Oil Sdn. Bhd., while CNT properties were described in Table 1 . The CNTs were weighed in five different concentrations (0.01g/L, 0.03g/L, 0.05g/L, 0.1g/L and 0.2g/L) by using an analytical balance. After weighed, the CNT nanomaterials were mixed with mineral oil. The CNT nanomaterials were dispersed through ultra-sonication equipment for one hour. In order to disperse CNT nanomaterials, the sound energy with frequency less than 25 kHz was applied towards the CNT nanofluids/mixture. The sonication
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technique was implemented utilizing a sonicator equipment with 700W power rating and the amplitude was set at 10% and the dispersion timing cycle was set to 5 seconds on; 3 seconds off intervals for duration of 60 minutes. 
STATISCAL ANALYSIS
For manufacturing a transformer, a designer requires to refer the minimum withstand voltage level of the insulating oil rather than based on average breakdown voltage produce. Generally, there are two popular types of statistical analysis used to interpret the probability distribution of breakdown failure which are normal distribution and Weibull distribution [9] . Weibull distribution is more preferable due to ability to provide reasonable accurate failure analysis and failure forecasts by referring to extremely small amount of samples [10] . Therefore, Weibull distribution was used in this paper to calculate the probability of breakdown failure at certain level. There are three significant probability of distribution in breakdown voltages which have been identified in this paper, which are 1%, 50% and 90%. As for insulating material for high voltage equipment, probability failure of 1% is known as risk level while 50% of probability is the standard value in order to design transformer insulation. The high expected breakdown voltage for industry usually measured at 90% probability of breakdown voltage which analyzed based on Weibull distribution. The AC breakdown voltages patterns of CNT nanofluids at 1.5mm gap distance for 50 readings were plotted in Fig. 1 . Table 3 shows the probability of breakdown failure at 1%, 50% and 90%. At 1% breakdown probability, CNT nanofluid achieved an increase of 1.71 times compare to mineral oil. As for 50% normal breakdown failure probability which fit for designing transformer gain 1.90 times increment while for 90% probability of breakdown voltage achieved 1.76 increments.
For early stage of investigation at 1.5mm gap distance, it can be seen that CNT nanomaterials could possibly influenced the breakdown voltage performance of based mineral oil. For further investigation and verification, the same methods have been applied but with two different gap distances. The standard deviations produced were small and it can be considered that the data were very close to the average value. A high standard deviation means that the data was spread out and unacceptable. The probability of 1% withstands voltages provide significant value in designing transformer.
Based on Fig. 12 and Table 5 , 0.01g/L CNT nanofluid provides good linearity in Weibull plots and produce the highest breakdown voltage value among the oil samples. There was 118.42%
increment achieved compared to typical transformer mineral oil used in this experiment.
Instead, in 50% probability and 90% probability of breakdown voltage, there were 1.74 and 1.63 times increments were achieved. Thus, it can be seen that CNT nanomaterials were constantly getting higher results compared to mineral oil. Previously, at 1.5mm gap distance, 0.1g/L and 0.2g/L CNT nanofluids probability of breakdown failure having slightly decreased compare to mineral oil. However, at 2.5 mm gap distance, all types of CNT nanofluids unexpectedly achieved probability of breakdown voltages more than the standard mineral oil. Table 6 compute the average and standard deviation achieved from breakdown voltages measurements for mineral oil and five different concentrations of CNT nanofluids. While, Fig.   18 plot the data according to Table 6 . Looking into the modelling Weibull results, the withstand voltage at low breakdown probability (1%), achieved an increase of 1.03 times than mineral oil. As for standard probability (50%) and high breakdown probability (90%) achieves increase of 2.74 and 1.79 times compared to Hyrax mineral oil. Based on the experimental analysis from three different gap distances, it reveals that the presence of CNT nanomaterials could enhance the breakdown strength of transformer oil. However, as the amount of CNTs increased, the performance gradually dropped. These might have happened due to the behaviour of CNT nanomaterial, which is highly entangled products and difficult to disperse uniformly in fluids [11] [12] . The suspension with stable condition may lead to better performance. Thus, the suitable de-agglomeration techniques for CNTs might be generating better dielectric fluid. were also agreed by other researchers [13] . However, in case of 0.01g/L CNT nanofluid concentration, the graph trends dramatically began to decrease from 2.5mm to 3.5mm gap distances. This might be due to the inconsistent dispersion behaviour of CNTs in mineral oil.
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In addition, the distinction behaviour of CNT nanofluid was consequences of the morphed 
